Objectives: To characterize the Tn1546 structure and to perform the genetic typing of 51 PFGE-unrelated vanAcontaining enterococci of different origin (clinical, food and faecal samples of healthy humans and healthy poultry).
Introduction
Vancomycin-resistant enterococci (VRE) belonging to the vanA genotype have been detected in humans, animals and food. 1 -3 This genotype is encoded by the vanA cluster of genes that are included in Tn1546, a 10.8 kb transposon 4 (GenBank accession number M97297), which is often located on conjugative plasmids capable of spreading widely. Heterogeneity exists among vanA elements in Tn1546, due to the genetic variations that include several insertion sequences (ISs), deletions and point mutations. Molecular characterization of the Tn1546 structure could provide important epidemiological information about the evolution of vancomycin resistance in different ecosystems and about the spread of resistance determinants by horizontal transfer.
Multilocus sequence typing (MLST) is a useful tool for VRE typing, allowing a global comparison of clones. 5, 6 Strains can be assigned to specific sequence types (STs) and clonal complexes (CCs), and a relationship has been reported between the origin of the strain and the CC in which it is included. 6 High risk CCs (HRCCs) have been identified in Enterococcus faecium as well as in Enterococcus faecalis. To date, CC17 has been the most frequently identified HRCC in E. faecium and it has been reported in hospitals worldwide. 5, 6 This complex is correlated with ampicillin and quinolone resistance and with the presence of the esp virulence gene. In the case of E. faecalis, CC2 and CC9 are the most documented HRCCs.
The aim of this study was to characterize a collection of unrelated vanA-containing enterococci of different species and sources through: (i) determination of the Tn1546 structure and 
Materials and methods
Fifty-one PFGE-unrelated vanA-containing enterococci (42 E. faecium, 2 E. faecalis, 4 Enterococcus durans and 3 Enterococcus hirae) of different origin (clinical samples, 18 strains; food, 15; faecal samples of healthy poultry, 8; and faecal samples of healthy humans, 10) recovered in Spain were characterized (see Table 1 ). Thirty-eight of these strains were included in previous studies. 1, 3 Susceptibility to 10 antibiotics was determined by agar dilution and disc diffusion methods (CLSI).
The entire Tn1546 structure was determined by a PCR overlapping technique using previously described primers, 4,7 based on the considered Tn1546 prototype (GenBank M97297), named structure type I in this work. All amplicons that showed different sizes compared with type I were sequenced. The presence of a G8234T point mutation in the vanX gene was studied by PCR-RFLP with the enzyme DdeI.
E. faecium and E. faecalis strains were characterized by MLST as previously reported. 5, 6 Transference of vancomycin resistance and other genetic determinants was assayed in strains with unusual Tn1546 structures, using E. faecalis JH2-2 as the recipient strain. The phenotype and genotype 
Results and discussion
Characterization of Tn1546 structures: two novel elements, ISEfa10 and ISEfa11
Nine different Tn1546 structure types were detected in the 51 vanA-containing enterococci; three of them were new structures and the other six types were as previously reported (Figure 1) .
Most of the studied strains (38 of 51, 75%) had the Tn1546 type I structure. This structure was detected in 30 of 42 E. faecium (71%), and in 8 of 9 non-E. faecium strains (89%). Type I was particularly frequent among food strains (86%) or healthy human strains (all 10 strains), and less frequent among animal or human clinical strains (50% and 61%, respectively). The G8234T vanX mutation was identified in 9 of these 38 (24%) strains. A lower frequency of Tn1546 structure type I had been previously reported in other studies, although, similarly to our study, this structure was identified more frequently among food isolates than among human clinical isolates. 2 Two new ISs, designated ISEfa11 and ISEfa10 by IS Finder (http://www-is.biotoul.fr/), were identified inside two new Tn1546 structures, designated in this work as types II and III ( Figure 1 ).
The Tn1546 type II structure was detected in one clinical E. faecium strain and included the new ISEfa11 interrupting the vanS gene at position 5332. ISEfa11 exhibited a 93% similarity to ISEfa5, and included an open reading frame (orf) encoding a putative transposase of 431 amino acids. The Tn1546 type II structure also had a G7039T point mutation in the vanA gene (associated with a Val21Leu change), and a T deletion at position 9070 (inside the vanY gene), which involves the encoding of a shorter VanY protein, identical to that included in GenBank with accession number AAQ17162. The sequence of the whole Tn1546 type II structure was deposited in GenBank (accession number FJ866609). This strain with ISEfa11 disrupting the vanS gene had high vancomycin and teicoplanin MICs (.256 and .128 mg/L, respectively). Disruption of the vanS gene might generate a constitutive resistance phenotype, since the histidine kinase is disrupted and probably non-functional. In another study, one vanA-containing E. faecium strain had the vanS gene disrupted by IS1216V, 8 and showed vancomycin/teicoplanin MICs of .32 mg/L.
The element ISEfa10 was found in Tn1546 structure type III of two E. faecium strains of poultry origin, disrupting the transposase Orf1. This whole structure has been deposited in GenBank (FJ795373). ISEfa10 is similar to other transposases and integrases of Enterococcus (GenBank accession numbers ZP05663216 and ZP05674394), but not to known ISs. ISEfa10 was integrated at nucleotide 907 and contained two open reading frames (orfA and orfB) encoding two putative proteins of 193 and 317 amino acids, respectively. A third orf (orfAB) encoding a putative transposase (included in the IS3 family, group IS150), probably originated by a frameshift, was also detected.
Furthermore, another new Tn1546 structure, designated type IV, was detected in one E. faecium strain of poultry origin. This structure contained ISEf1 interrupting the vanY gene (at position 9468), and the IS1542 within the orf2-vanR intergenic region. The vancomycin and teicoplanin MICs for this strain were very high (.256 and .128 mg/L, respectively). Other authors found IS1476 or IS16 elements inside the vanY gene, causing either a decrease in the functionality of the vanY gene product or incongruence between phenotype and genotype. 9, 10 Four clinical strains showed a previously described Tn1546 pattern with IS1542 located between orf2 and vanR (structure type V). The G8234T point mutation was detected in one of them. Another E. faecium clinical strain had this IS at the same position but, in addition, IS1216 was detected in the vanXY intergenic region (structure type VI).
The IS1216 sequence inside the vanXY intergenic region, in addition to deletions downstream of this element, was also detected in two E. faecium strains from food, and was designated Tn1546 structure type VII. The subtype VIIa had IS1216 at position 8806 and lacked nucleotides 8806-8829. The subtype VIIb had IS1216 at position 8757 and lacked nucleotides 8757-8828.
ISEf1 was also identified in the vanXY intergenic region of the Tn1546 structure in another E. faecium clinical strain, constituting structure type VIII. One E. hirae strain of poultry origin had structure type IX with an IS19-like sequence located in the vanXY intergenic region.
The Tn1546 structure types V, VI and VIII were detected in our study only among human clinical isolates, similar to previous studies, 7 whereas structure type IX was found only in poultry strains, as previously reported, 7 and type VII in food strains. Although these results suggest a relationship between Tn1546 structure types and the origin of strains, the low number of tested strains makes this putative association difficult to establish. The Tn1546 structure types, the origin of the corresponding strains that harboured each of the Tn1546 structures, and the vancomycin and teicoplanin MICs are shown in Table S1 Tn1546 structures and MLST types of vanA enterococci Ló pez et al. MLST of vanA-containing E. faecium and E. faecalis strains Eighteen E. faecium strains belonged to CC17 (ST78, ST17, ST16 and ST18), 16 of them being of human clinical origin, and the remaining 2 of food origin (derived from chicken and rabbit). Fourteen E. faecium strains belonged to CC9 (ST9, ST10, ST12, ST29, ST124, ST134, ST148 and ST176). Most of these vanAcontaining E. faecium CC9 strains were recovered from food, healthy poultry and healthy humans (12 strains), and only 2 CC9 strains were recovered from human clinical samples. Interestingly, seven new MLST allele combinations were detected in eight E. faecium strains, which generated novel STs (ST513, ST516, ST517, ST518, ST519, ST520 and ST521). They were identified in strains of food, animal or healthy human origin, but were not present among clinical strains (Table 1) .
ST5 (CC21) and ST8 (CC8) were identified in the two vanAcontaining E. faecalis strains (Table 1) . Our results agree with those of Freitas et al., 6 in that most clinical strains were classified into CC17 clonal complex and most poultry or food strains into CC9. In view of our results, no clear linkage between Tn1546 type and MLST profile has been identified.
Prevalence of virulence genes
The esp and hyl virulence genes were only detected among E. faecium strains of clinical origin (esp, 16 strains; hyl, 15 strains; esp + hyl, 13 strains). Most of the strains containing esp and/or hyl genes also showed ampicillin and ciprofloxacin resistance (Table 1) . Other studies reported similar rates of detection of these virulence genes and their association with the clinical origin of strains.
6,11
Transference of vanA elements
Transference of the vanA determinants to the recipient strain E. faecalis JH2-2 was demonstrated in 9 out of 13 strains harbouring a non-type I Tn1546 structure [ Table S2 , available as Supplementary data at JAC Online (http://jac.oxfordjournals.org/)]. Two different transconjugants were identified among five of these donor strains. In all cases, transconjugants acquired an identical Tn1546 structure to that of the donor strain. Conjugation rates were in the range 5.8×10 29 to 2.6×10
27
. Other antibiotic resistance genes were co-transferred with the vanA gene, such as erm(B) in 9 strains, aph(3 ′ )-III in 4 strains, ant(6) in 4 strains, catA in 2 strains and tet(M) in 1 strain. This finding supports the hypothesis that the vanA gene cluster is located in the transposable element Tn1546, frequently integrated into conjugative plasmids, which contains other antibiotic resistance genes. 12 Interestingly, co-transference of the hyl gene was demonstrated in two E. faecium strains. Co-transference of vanA and hyl genes associated with a large plasmid has been recently reported. 12 In summary, a moderate variability in Tn1546 structure has been detected among unrelated vanA-containing enterococci of different origin (nine structures), the type I structure being the most frequently detected, especially among food and Ló pez et al. 
Transparency declarations
None to declare.
Supplementary data
Tables S1 and S2 are available as Supplementary data at JAC Online (http://jac.oxfordjournals.org/).
